The objective of this study is to examine the effectiveness of the multiple-choice method in measuring human perception. Specifically, the results of comparisons of the answers to two questions on the same issue are shown, each formatted in a different way: multiple-choice (MC) and Analytic Hierarchy Process (AHP). AHP not only clearly identifies the most important alternative but also the preference for each alternative by each decision-maker. Therefore, using AHP to analyze the decision-making process results in a precise clarification of preference for alternatives. Based on public opinion research using AHP, two findings are shown: (1) MC and AHP yield different aggregated rankings of alternatives, and (2) AHP reveals that in modified MC format, which gives respondents the option of indicating their second-best alternatives, the choice of a second-best alternative is independent of the difference in the degree of importance between the best and the second best.
Introduction
This study is based on the results from two survey research studies on social issues carried out using the analytic hierarchy process (AHP). Answers to two types of questions -one using a multiple-choice (MC) format, the other using AHP -on the same issue are compared.
The design of questionnaires for survey research (e.g. public opinion polls) represents one of the most controversial issues among survey researchers in terms of accuracy in measuring respondents' perceptions. As a result, many ways of asking questions have been proposed and much discussion has been generated. Inglehart and Abramson (1993) used ranking scale questions in their world values survey. This method asks respondents to rank all given alternatives in a question, from the most preferred to the least, thus allowing researchers to identify a respondent's preference order for all alternatives. However, the more alternatives a questionnaire offers, the more difficult it is for the respondent to answer. Indeed, one respondent in a survey needed 25 minutes to complete the ranking of over 40 alternatives.
A group of researchers at the University of Michigan developed rating scale questions called a 'feeling thermometer', which has a scale from 0, the coldest feeling toward alternatives, to 100, the hottest, with 50 being neutral. In surveys, respondents express their perception by indicating their 'temperature' to all alternatives given in a question. This method helps respondents precisely clarify their preference; however, consistency among responses to the alternatives is not always satisfactory.
In contrast, the use of multiple-choice questions, one of the more traditional methods, is highly suitable because respondents find them easy to answer and they allow researchers to easily identify the main concerns of the respondents. This method has two types of formats: one is simple multiple-choice (SMC); the other is modified multiple-choice (MMC). In the SMC format, respondents must choose one from among the given alternatives. SMC identifies only the most important alternative for each respondent, thus preventing the respondent from expressing his or her preference concerning a selected alternative over the others. Furthermore, no information regarding the relationship among the non-selected alternatives is derived. In the MMC format, respondents are given the option of indicating their top two (or more) alternatives. Since respondents are allowed to express their preferred alternatives, MMC can be expected to be an effective way to make up for the lack of information incurred by SMC. However, the difference in the degree of importance among the selected alternatives is not clarified, nor is the information concerning non-selected alternatives reflected in the results.
Let us consider the case asking respondents why they are non-partisan, for example. If the question is designed in the SMC format, respondents must express their opinion by choosing one from among the given reasons. Respondents with a definite reason regarding the issue could choose one alternative without confusion if they found that it exactly represented their perception. This format could be expected to function quite well for these respondents. On the other hand, it might be that some respondents are non-partisan for no particular reason, while others are nonpartisan for complex reasons. MC would not be an effective format for these respondents.
One possible option for such survey research is to use the AHP (Harker, 1987) . One of the most popular methods for decision-making, the AHP was proposed by Saaty (1977 Saaty ( , 1980 . Since then, the AHP has been used by many individuals and groups in various fields because of its user-friendly interface for multi-criteria decision-making (Vargas, 1990) . In the AHP process, data on decisionmakers' judgments, called pairwise comparisons, are aggregated, and the degree of importance of each alternative is quantified for each decision-maker. This procedure identifies not only the most important alternative, but also the preference for all alternatives for each decision-maker (Crawford and Williams, 1985) . Therefore, by applying the AHP to survey research questionnaires, respondents' perceptions can be clarified more precisely than by traditional methods (Sato, 2001) .
In this study, we compare the answers to two types of questions on a particular issue, each formatted in a different way, one using MC and the other using the AHP. First, we focus on the difference of the aggregated ranking of alternatives across all respondents between MC and the AHP. The ranking derived from MC implies aggregated plurality, while that elicited from the AHP suggests aggregated intensity. Since both rankings reflect the entire trend concerning each alternative of a population, they are likely to produce similar results. Second, we evaluate the effectiveness of MMC in terms of its ability to make up for the lack of information incurred by SMC. Since MMC is a type of MC question format that allows respondents to indicate their second-best alternative, it may reflect each respondent's preference for alternatives more precisely than does the SMC.
In the above-mentioned comparisons, two data sets are employed. The first data set was obtained from a 1999 survey on public opinion; the second was obtained from a 2001 survey of the main concerns of graduating students as they begin their job search. Details of these data sets are shown in the third section.
Outline of the AHP
Saaty developed the AHP as one of the supporting systems for multi-criteria decision-making and as a tool for analyzing the decision-making process. The AHP has the subjective judgment of each decision-maker as input and the quantified weight of each alternative as output. Therefore, not only can objective issues be easily quantified but also the more subjective issues that do not have theoretical values. It has thus been widely used for decision-making (e.g. economic problems, policy evaluation, and urban planning (Lootsma, 1989; Saaty, 1994) ).
The AHP has three steps to the final output: stratifying the framework of decision-making, pairwise comparison, and calculating the weight of each alternative (Saaty, 1980) . Let a ij (i, j 5 1,y, n) denote the relative weight of alternative i (i for short) to j, and a ji 5 1/a ij , then the results of all pairwise comparisons can be summarized as an n by n reciprocal matrix (a ij ) called a pairwise comparison matrix, where a ii 5 1 for all i 5 1,y, n.
In cases where a pairwise comparison matrix satisfies transitivity for all pairwise comparisons, i.e. for arbitrary i, j and k, a ik Á a kj 5 a ij (i, j, k 5 1,y, n) holds, the rank of such pairwise comparison matrix equals 1, its Frobenius root is always equal to n, and the remaining eigenvalues are all 0 for any a ij (Nikaido, 1968) . Thus, the eigenvector corresponding to the Frobenius root is always non-negative, and each element of the eigenvector standardized by l 1 -norm can be interpreted as the degree of importance of each alternative.
Decision-makers, however, sometimes make judgments inconsistently, in which case the aforementioned transitivity is not always satisfied. Then the Frobenius root of such an inconsistent pairwise comparison matrix is always greater than n, and the difference between the root and n is equal to the sum of the remaining eigenvalues (Aupetit and Genest, 1993) . Therefore, the smaller the difference is, the more consistent the judgment of the decision-maker would be (Murphy, 1993) . In the AHP, the quotient of this difference over n-1 is defined as the consistency index (CI), which is the criterion for the consistency of judgments across all pairwise comparisons (Lootsma, 1991) .
Questionnaire design
In this study, two data sets are employed to compare the answers to two types of questions on a particular issue, each formatted in a different way: one is MC and the other is the AHP. The first data set was obtained from a 1999 survey on public opinion (Survey 1); the second one was obtained from a 2001 survey on the main concerns of graduating students doing a job search (Survey 2). The data sets obtained from these surveys may reflect each respondent's subjective judgment and thus serve as an ideal actual sample in the comparison of MC and the AHP.
As noted in the previous section, respondents need to respond to a series of redundant pairwise comparisons in the AHP; therefore, we need to take into account the inconsistency of a pairwise comparison matrix in analyzing elicited weights (Webber, Apostolou and Hassell, 1997) . In this study, we took 0.15 as the allowable upper bound of CI (Lane and Verdini, 1989) , and employed only those samples whose CIs were equal to or smaller than 0.15. The ratios of samples satisfying this threshold were 85.9% ( 5 342/398) in Survey 1 and 90.2% ( 5 194/215) in Survey 2, respectively.
Outline of Survey 1 (January 1999)
Survey 1 was carried out in January 1999, one month after the coalition cabinet of the Liberal Democratic Party and the Liberal Party was established in Japan. Respondents were students at Matsusaka University. The purpose of the survey was to identify 'the political attitude of students when a coalition cabinet was established'. The sample size was 834, for which the margin of error was less than 4% at a 95% confidence level.
The survey included 30 questions. In Q12, respondents were asked their party identification, and for only the 398 respondents who answered 'non-partisan' to the question, the following three questions were posed in three ways to determine why they were non-partisan. The reasons were: 'Too much political realignment'; 'Political apathy'; 'Non-confidence with party and politician'; and 'Corruption of political ethics'. Q13 was formatted in SMC, Q26 in the AHP and Q29 in MMC. Figure 1 shows Q13 from the survey formatted in the SMC format, which requires respondents to choose only one from among four given reasons. Figure 2 illustrates Q26 formatted in the AHP system, in which respondents are required to conduct pairwise comparisons across all possible combinations of reasons. Figure 3 shows Q29 in the MMC format, which gives respondents the option of indicating their second-best alternative.
Outline of Survey 2 (April 2001)
Survey 2 was conducted in April 2001, the month when graduating students usually began to start looking for a job in Japan. In this survey, respondents were 323 students of Matsusaka University. The intellectual purpose of this survey was to clarify 'the main concerns of Japanese graduating students as they begin their job search'. The main concerns were: 'Job specifications'; 'Welfare program of the company'; 'Salary'; and 'Place of employment'. The margin of error of this sample size is less than 6% at a 95% confidence level.
In this survey, three differently formatted questions were posed, each asking the respondents' main concerns of their job-search activities. Q1 was formatted in SMC, Q2 in the AHP and Q3 in MMC. We leave out the details of Q1, Q2 and Q3; however, each question had exactly the same format as Q13, Q26 and Q29 in Survey 1, respectively.
Results
In this section, based on the weight of each alternative elicited from the AHP, we analyze responses to SMC-formatted questions and MMC-formatted questions of Survey 1 and Survey 2.
Comparison between SMC and AHP First, we focus on the difference of the aggregated ranking of alternatives between SMC and the AHP; in particular, the observed ratios of each alternative derived from SMC and the weight of each alternative elicited from the AHP are compared. The ranking based on SMC implies aggregated plurality, while that elicited from the AHP suggests aggregated intensity. Since both rankings reflect the entire trend concerning each alternative of a population, they are likely to produce similar results. Table 1 is a cross tab summarizing the results of two questions, Q13 and Q26, from Survey 1. The numbers in each row are the AHP-based weights for each reason aggregated across each response to SMC. The last row represents the weight of each reason aggregated across all responses. Table 2 summarizes the results of two questions, Q1 and Q2, from Survey 2 as was done in Table 1 . The largest elements in each row are in bold.
As shown in Tables 1 and 2 , each diagonal element is not always the largest in each row; that is, an answer on SMC and the most weighted criterion in the AHP do not necessarily coincide. For example, in Table 1 , respondents who answered 'Apathy' to SMC attached their weight mostly to 'Realignment' in the AHP, while respondents who answered 'Realignment' to SMC attached their weight mostly to 'Non-confidence' in the AHP. Furthermore, the highest ratio of the answer to SMC was 'Apathy'; the most weighted reason in the AHP, however, was 'Non-confidence'. Thus, based on the SMC method, this survey research would conclude that the most important reason respondents were non-partisan is 'Apathy' and the next is 'Non-confidence', and so on. In contrast, based on the AHP method, the most important reason is 'Non-confidence' and the next is 'Corruption', and so on. As a result, as can be seen in Tables 1 and 2 , these two methods yield a different aggregated ranking of alternatives. The SMC method is superior in two ways: first, it is easy for respondents to fill out the questionnaire, and second, the main concerns of a respondent can be easily identified. However, this method prevents respondents from expressing their preference for a particular alternative over the others. Furthermore, no information regarding the relationship among non-selected alternatives can be derived. On the other hand, the AHP method makes it possible to reflect the relative importance of alternatives to results, despite the fact that it requires that respondents answer complex questions and thus requires much more time than the SMC. Which of these methods accurately represents respondents' perceptions is still an open question; verification requires more empirical tests. These results, however, imply that the output of the SMC, widely employed in survey research, might provide erroneous information.
Comparison between MMC and AHP
Next, we compare the observed ratios for each alternative derived from MMC and the weight of each alternative elicited from the AHP. MMC is another type of MC question format allowing respondents to express their top two alternatives, thus giving them a greater degree of freedom in answering questions. Each respondent's preference for alternatives is likely to be specified more precisely than it is with SMC. In Surveys 1 and 2, however, almost half of the respondents in each survey chose only one alternative in MMC. Accordingly, we define as 'Singular' the group of respondents that chose only one alternative even though they were given the option of indicating their second choice in MMC (Q29 in Survey 1 and Q3 in Survey 2), and we define as 'Plural' the group of respondents that chose two alternatives. In this section, we first focus on the difference of aggregated ranking of alternatives among the 'Singular' and the 'Plural' of MMC, and of the AHP. Table 3 is a cross tab summarizing the results of the two questions Q29 and Q26 from Survey 1, for those defined as 'Singular'. Numbers in each row are the AHP-based weights of each reason aggregated across each response to MMC. The last row represents the weight of each reason aggregated across all responses. Table 5 similarly summarizes the results of the two questions Q3 and Q2 of Survey 2. Tables 4 and 6 are cross tabs summarizing the results concerning those defined as 'Plural', where two answers are counted for each respondent. In each table, the largest elements for each reason are highlighted.
As can be seen in Tables 3 and 5 , each diagonal element is not always the largest in each row; that is, an answer of the 'Singular' to MMC and the most weighted criterion in the AHP do not necessarily coincide. For example, in Table 5 , respondents who answered 'Specifications' to MMC attached their weight to 'Place' most in the AHP, and respondents who answered 'Welfare' to MMC also attached their weight most to 'Place' in the AHP. Furthermore, the highest ratio of the answer to MMC was 'Salary', however, the most weighted concern in the AHP was 'Specifications'. As a result, these two methods yield a different aggregated ranking of alternatives (see Tables 3 and 5) . On the other hand, the fact that the choice in MMC is more compatible than SMC with the most weighted alternative in the AHP is likely to result in a rationale that MMC functioned well for the 'Plural'. As shown in Table 4 , for example, each diagonal element is always the largest in each row. Table 6 , however, shows that the relationship between the choice in MMC and the most weighted alternative is in a state of chaos. Furthermore, as was seen in Tables 3 and 5 , MMC and the AHP yield a different aggregated ranking of alternatives for both Tables 4 and 6; while the Table 6 Main concern of job-search activities*MMC 'Plural' answers, and AHP*. rankings elicited from the AHP are robust despite a change in population (see Tables 1, 3 , and 4 from Survey 1 and Tables 2, 5 , and 6 from Survey 2). Lastly, we evaluate the effectiveness of MMC in making up for the lack of information encountered with SMC. Since MMC gives respondents the option of indicating their second-best alternative, whether or not a second-best alternative is chosen may depend on the strength of that alternative vis-a`-vis the first alternative. In other words, if MMC functions well for the 'Plural', it could contribute by supplying missing information (e.g. the difference in the degree of importance among selected alternatives, and the respondent's perception concerning non-selected ones).
Let w p 1 and w p 2 respectively denote respondent p's largest and second largest element of the eigenvector corresponding to the Frobenius root, then Dw p w p 1 À w p 2 (X0) represents the discrepancy in the largest weight and the second largest weight of alternative for respondent p. Therefore, the larger the Dw p is, the more clearly respondents would distinguish their best alternative from the second-best. Table 7 summarizes the number of the 'Singular' and the 'Plural' respondents in Surveys 1 and 2, the table stratified by the size of Dw p . As shown in the table, the difference in the distribution of responses between the 'Singular' and the 'Plural' seems small. Indeed in chi-square tests, X 2 (Q29) 5 2.979oX 2 (6, 0.8) 5 3.070 and X 2 (Q3) 5 2.108oX 2 (6, 0.9) 5 2.204 hold. These imply that there might not be any difference in Dw p between the 'Singular' and the 'Plural;' in other words, whether or not respondents add their second choice in answering an MMC-formatted question may be independent of the discrepancy in the degree of importance between the best and the second-best alternative. Thus, we could conclude that MMC does not succeed in specifying a respondent's preference of alternatives precisely.
The MMC method does overall seem to be a good option for designing questionnaires because it enhances the degree of freedom in answering questions for respondents. Many researchers, therefore, widely employ MMC in their survey questionnaires. Insofar as our surveys are concerned, however, MMC might not be effective in filling the information gap between SMC and the AHP.
Concluding remarks
Questionnaire design is one of the most controversial issues among survey researchers because how respondents are asked questions has a great effect on the results. One political scientist conducting a public opinion poll has remarked that different question formats yield different results, even though they are asking about the exact same content. Therefore, various ways of asking have been proposed and evaluated to date, from the perspective of appropriateness for representing each respondent's perception. In particular, the ranking method, the rating method and the multiple-choice method have often been compared and have generated much discussion. Among the aforementioned methods, the multiple-choice method has been most widely used because of its ease for respondents to answer and its ease in identifying for the researcher the respondents' main concerns. Furthermore, multiple-choice has some formats that enhance a respondent's degree of freedom in answering questions. In this study focused on survey research in which the questions asked of respondents involved issues (e.g. why respondents were non-partisan), we examined the effectiveness of the multiplechoice method by using the weight of alternatives elicited from the AHP. The results were: (1) simple or modified multiple-choice, and the AHP yielded a different aggregated ranking of alternatives, while the AHP-based rankings were robust despite a change in population; (2) whether or not respondents added a second choice in answering modified multiple-choice formatted questions was irrelevant to the discrepancy in the degree of importance between the best and the second-best alternative. These results provide some evidence that the multiple-choice method might provide erroneous information and thus would not be appropriate for measuring human perception in the use of questionnaire design of survey research.
